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º £

� ��öBº Bæ ê�Ïb� ÒÏ>� ®º ZVnò� TiO2, CaCO3, clay¢ �� ÏÏb�»j �Ï~� VËW �

�nò� B�~&
. �� ÏÏb�»f �ªÚ¢ ��Bî, ��z~� î�Ú VËÒò¢ Jê~º ©�
. ZVnò~ «

ê¢ �J~� F�B Îã¶f ¶ã¶¢ '�� V�j� b�~&� ªÚ~ &**çj �Ï~� "� ;*VKö ~�

Îã¶ "*ö ¶ã¶¢ ¦O�Î 
r �³V~ 7 ÏÏKb� �;z¾Ò~&
. �;z¾ÒB ��nòº ªÚbWG;

V¢ Û� FÿW 5 ª~W� BF>î� 7�' Wîê Ö>�j r > ®î
. ªÚ~ nòJê 5 Bæª¢ö~ 'Ï�

��'b� 
*F > ®V r^ö �ê'b�º öÒ' G�" wÏ G�öB~ �j� &Ë~� 
·� VËW æ~B®

B�ö �� 5 BB V²¢ {&� > ®j ©b� ÒòB
.

Abstract − In this paper the functional composite-pigment was prepared by dry impact-blending method, using inorganic

materials used for paper coating such as TiO2, CaCO3, and clay. Dry impact-blending is used for making new functional mate-

rial by surface modification and composition. After considering particle size of inorganic pigment, selected core powder and

fine powder were mixed at a suitable mixing ratio. When powder was electrified, the fine particles of them could be adhered on

the larger ones called ‘core particles’ by static electricity, and then formed an ordered mixture. Afterward, these were susceptible to

be composited by impact force resulting from very high-speed air circulation. Composite pigment formed was tested with powder

physics tester and resulted in improvement of both fluidity and flushing. It also resulted in excellent optical property. Since design

of particle pigment and application to a field of paper can be come true, it is thought that complementation in terms of both prin-

ciple and application is possible, and that R&D for the production of various functional paper products can be activated.

Key words: Composite-Pigment, Impact-Blending, Paper-Coating, Core Particles, Fine Particles

1. B �

�" "�VF~ ê�f �þ Òòö &� Ò²~ º�º 
«
·

z>º ÿ�ö �[ z �®*, �VË, �WËj ö~� ®
. �ö ¦

w~� Òò B�~ öò, 7*B®b�B~ ªÚö &�Bê îR&

æ� 
«
·� º�& B�~� ®
. *Ò �²Ò BB~ vª ³

öB �� .�ã¶~ B�f �Ïö ôf &�� Îjæ� ®
. �

º «¶ãj ·² �b�� ªö~ bÒ'Áz�' VËj ¸�"�,

2«�ç~ �ã¶¢ ��¾Ò(��Bî)~� 
·� VËW �� �ã

¶� JêÁcÂ�b�� �¦&&~z¢ &^R > ®V r^�
.

��� .�ªÚ ª¢~ BB" B*ö ¦w~� 
·� ªÚ ¾ÒV

F" VV
� Â*>� ®
. ß® ��BîVFö ~� ZV 5 F

VÒò~ 'Ïª¢º 
Ö 
·~� zË®, B£, r�, �Ò, Æ., ¾

�Þ, nò, ^¢�, �~Þ, ¯�, ªÖB �� ®
. 6� ��Bî»

f V� «¶~ Wîj BF, Ëç�Ò > ®b� � ��Òò& <º

�� &æ bÒ' ßWj 
f �*Úö G;� > ®Ú �" "Ïj

A� ®
[1-2]. VËW ªÚ¢ ò
V *� ��Bî �·f ××�

ªÖB �«¶ ��ö � �«¶f ç�� bW(<rW, îV, &*W

[3], ãê, ¦OW, ê*W �)j æò �ã¶¢ ¦O�B �«¶~ ß

Wj BF~º O»" �«¶ ��ö ßW� 
� «¶~ *ç� 6º

Ï��j z+, ���B n;� bïj ;W~º O»(Capsulez»)�

®
. ��Bî~ ª~º Fig. 1öBf ?� Coatingö ~� Bî, Topo-

chemical'� Bî, Mechanochemical'� Bî, Capsulezö ~� B

î, �ö.æ �Ïö ~� Bî, �*>wö ~� Bî� �U&æ �

Ïb� &êB
.
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� ��öB ÒÏB ��BîË~� hybridization systemf “w÷K

� ;� �ã¶~ �¢ªÖVF”ö V.~� ªÚ~ ��Bîj Vê

' ÏÏKj �Ï�B ��, VçªÖêöB ¯~º ©� ßû��, �

� öÒº �³V~ 7 ÏÏ»�¢� � > ®
[5]. � VFf î�Ú

BîªÚ~ B�ö �Ï>� ®
. �êª¢öB tonerö OïÒ, ¶W

ª, &*BÚB �j ��Bî~� ï�, ¶VßW, *VßWj �;�

> ®b�, �ò®ª¢öBº FÖ�ö Ç¶j «®º ";ö �Ï>

� ®�, zË®ª¢öBº TiO2~ ��W" ¶�F N�Î"¢ �Ï

~� 
·� VËj <º Ö>� ��ªÚ BBö �Ï>� ®
. z

Ë®ö ÒÏ>º VËW ªÚ¢ BÛ'b� ÚÚ�� ¶�F N� Z

V ��ªÚ, ��FW ªÚ, ��ªÚ, �Ò�Wbî �FªÚ, Fïª

Ú(ïÒ) � �VËW~ NêzB B®BB� ��Úæ� ®
. ��¾

jç Bæª¢ö 'ÏB Òf& ìº ©b� 6�>� �ö &� ¢^

ê *Z� ç��¾ �� > Nf~ .j
þj Û� � &ËWj {

�� : ®
[7, 8, 10]. jç ��»ö ~� ��ªÚ B�& Bæª¢

öBº 'Ï>æ p~V r^ö �® ��öB~ 'Ï� Zí�
 7

º~�, � Ö"¢ Æ&� &NB ª¢~ �� ;�~ ��ªÚ BB

ö 'ÏF > ®j ©b� 6�B
[9].

2. 
 þ

2-1. BæÏ nò~ ��Bî

Fig. 2ö 
þË~~ Bº¢ ¾æÚî
. Hybridization systemö R

«>º ªÚº ¶ã¶f Îã¶~ «ê jN� £ 10V �ç� >º

©b� F�~&b�, ¶ã¶º j7� ¸f �ò¢ Îã¶º j7�

Ôf �ò¢ F�~&
. � �Fº �V ²*ö ~� B�>º ;�

�³V~ 7 «¶ö &�æº ÏÏKj Î"'b� �Ï� > ®V r

^�
. Fig. 2~ O.M. dizerö R«B Îã¶f ¶ã¶º � dizer ²

*b� B�>º b�ÁªÖ·Ïb� ordered mixture¢ ;W~�[10-

13] �©j ¢;ï êï~� hybridizerö �/~&
. Hybridizerö �

/B ordered mixtureº Vç 7(�V 5 ®�W &Ê �)ö ªÖ�Ê

�B «¶¢ 2Z~æ pj ;ê~ ÏÏKj "Ú� ~º Vê'Á�

' ö.æ¢ «¶ö ¦�~� ��*(3-10 min)ö �;z¾Ò¢ ¯~

&�, � ê �÷V� �³~² ²>~� BîªÚ¢ B�~&
[10].


þ �ò�B Îã¶º polyethylene" BæÏ clay 5 CaCO3j ÒÏ

~&b� ¶ã¶º TiO2¢ ÒÏ~&
(Table 1). Hybridizer~ z�î

¾f Fig. 3ö ¾æÚî
. O.M. dizerº Îã¶f ¶ã¶¢ ª¶*~

�K, >��BÊ~ ¾, ;*VK �j �Ï~� ordered mixture(Îã

¶ "æö ¶ã¶
� ¶Î~² �÷>Ú®º ç�)� B�~� �©

j hybridizerö �/~� �V& ;~² ²*� r B�~º {»K,

ÏÏK, ö�K �b� Îã¶ ��ö ¶ã¶¢ ��Bî~º öÒ�
.

ªÚ~ ��BBº TiO2¢ polyethylene, clay, CaCO3ö «¶�V¢

'Ï� V�j� Bî�Vb�[15-16], �r ��Bî� �V~ ²*

³êº 7,000 rpmb� �;~&
. � 
rb�º hybridizerÚöB ª

Ú~ «ê 5 Wî� Úá² æ~º&¢ rj�V *�B clay¢ �V

²*³ê 5,000, 7,000, 9,000, 11,000, 13,000 rpmb� æz�B �ë

b� Bî¾Ò~&
. �r Bî¾Ò �*f 4ª�î
. Hybridizer�

Bî¾Ò� clay¢ TiO2f 62 : 38~ jN� b�~� 
� Bî�V
.

¶ã¶f Îã¶~ V�jº � (1)j Û� Ö;B
[10].

îïj=Îã¶ :¶ã¶ = D3 γD : 4(D+d)2 dγd

(1)

2-2. BîªÚ~ bWG;

��BîB ªÚ~ bWj G;~V *� ªÚbWG;V(multi-

tester)¢ �Ï~� n�', ªÖê, w÷ê, »Z', bulk &ê � Carr

æ>(FÿWæ>f ª~Wæ>)~ �W¶ò& >º �Ï
j G;~&


. �Ò� ��Bî�Î ��ªÚ~ FÿW" 7Kö ~� FÂ~ Â

 100:400 D d+( )2

D3
----------------------------

γd

γD

-----⋅=

Fig. 1. Surface modification methods of powder.

Fig. 2. Hybridization system.

Table 1. Powder of papermaking and plastic pigment

Division Powder Shape of particle Species Particle size(%) Specific gravity

Core particle Polyethylene Rounded Plastic pigment 80%≤8 µm 10.918
Clay Plate Two grade 90%≤2 µm 2.61

CaCO3 Rounded PCC 90%≤4 µm 2.71
Fine particle TiOY Rounded Rutile 0090%≤2.25µm 4.21
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�ê¢ ï&~º ª~Wæ>¢ êÖ~� � bW~ ßWæz¢ �Ò~

&
.

 

2-3. ��ZVnò¢ �Ï� ê�æ B�

ê� öæ�º ïï 70 g/m2~ �êÏæ¢ ÒÏ~&� ê�Ï nò

�º polyethylene" clay, CaCO3j 7�' Wîj jv~V *�B b

�� ©" Bî�Î nò¢ ÒÏ~&
. :�z�º *Ò Bæëêö

B ¢>'b� ÒÏ>� ®º S/Bê r�NW ¢sÊ(.^CFz� KSL

207)¢ ÒÏ®� >ÏW :�z�º CMC(carboxyl methyl cellulose)¢ Ò

Ï~&
. bj Kady Mill� �³v>~�B ªÖBf CMC¢ Iº
. ª

ÖBf CMC& bö ¾ �j rræ �³v>j � ê � Ï�j &

³ v>V� TÎ ê³ v>�Î
. &³b� v>�Ê�B b�ªÚ

f hybridizeröB BîB ªÚ¢ ;�ê ·&� BB® Î&� ê 10

ª* ¾ ªÖ�Î
. ê��~ V�f Î� V���j ÿ¢~² J;,

�æ Bî�ò~ V�jò 10%¢ V&b� b�jN 5 «~ö V¢

ê��j B�~&
. pHº 0.5% NaOH Ï�j �Ï~� 9.4� ê�

�j �;~&
. pHº pH-meter(Mettler Delta 340)j ÒÏ~� G;

~&
. ê�æ B�º ê��j >¶ÿ K-Control Coater¢ �Ï~�

ê� öæö Þ� ê�j ~&b� ê�ïf 7-9 g/m2b� �.~&
.

ê�ê ê�æº 105oC~ �³B~� ��VöB 30.* �³���

V
. �Ò� Elepho-3000 series VV¢ �Ï~� B�B ê�æ¢ b

�ªÚ¢ ÒÏ� ê�æf BîªÚ¢ ÒÏ� ê�æ� ªÒ~� Wï

ê, ®R«ê, Ö¦ê¢ G;~&
[19]. BîªÚ¢ ÒÏ� ê�æº

Chromameter CT-300 VV¢ �Ï~� 7�' Wîj G;~&
.

3. Ö" 5 �V

3-1. ªÚbW G;Ö" jv

Table 1ö B�~&~ Îã¶(CaCO3, clay, polyethylene)f ¶ã¶(TiO2)

¢ «¶ã" j7 8j �J~� êÖB 7ïj� V�~� ��Bî

~&
(Fig. 4).

�âöB r > ®�� Îã¶ ��ö ¶ã¶� TiO2& ¾ «&^

®º ©j &V� > ®î
. Hybridization systemöB ��Bî~ V

� Î�f �;~ «¶;çb� >Ú ®æò �7öBê 6ç� clay

~ ãÖ BîÎ"& ¾ ¾æÒ
.

' �òö V¢ FÿW" ª~W~ �Ïö ��>º bWj G;~

� Fig. 5ö ¾æÚî
. ¢>'b� «¶~ ;ç� �;�� «ê& �

«¶¢>� FÿW" ª~W� ±² ¾z
. ��¾ TiO2¾" «¶;

�º �;�æò µm �V& jò nm �V� .>� ªÚ~ *>'�

bW
� kz>º ãËj " > ®
. 6� «¶;�& clay¾" �;

� jò 6ç��¾ CaCO3f ?� ®��� ;ç¢>� ªÚbW�

±æ prj r > ®î
.

Fig. 3. Mechanism of hybridizer.

Fig. 4. SEM photographs of (a), (b), (c) particles prepared from hybridiza-
tion system.
(a) Surface modification of CaCO3(CaCO3 : TiO2=62 : 38)
(b) Surface modification of Clay(Clay : TiO2=62 : 38)
(c) Surface modification of Polyethylene(PE : TiO2=76 : 24)
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Fig. 6~ (a)öB¾" b�� {»ê& 
r
. �©f «¶ã� ·j

^ ¶Î� bulk &ê& ·jæ� {&Ï* bulk &ê& 
r
º ©j

~��
. {»êº FÿW" &ê>º� {»ê& ·jî>� FÿW

� ±jæº ãË� ®
. Bî� b�®j rf jv� " r {»ê

8� 6²~&
. �©f ¶Î� bulk &ê& Ã&~� {&Ï* bulk &

êº 6²~º ©j ~�~º�, �Þb�º hybridizer ¾Òö ~� «

¶& �ãz>� �;z>Ú FÿW� BF>îrj �Ò� &
.

Fig. 6~ (b)º n�'~ ï&��
. b��~ n�'f «¶& �ã

zNö V¢ «¶¢Ò~ w÷� B�~� n�'� �² ¾z
. n�

'f ¢;� ï6*ö ªÚ¢ ¿~�Vj r 9�º ªÚz�~ 'ê

¢ n�'�¢� ~º� ªÚ~ w÷W� ¸�¾ �^~�¾ «¶;ç

� �;� jö r '~ �V& 
ê
. Bî�~ n�'f «¶& �

ãz>Úê Bî~ Î"� �~� 6²~� b�� �ãzö V� F

ÿW ®ï~ ^B¢ BF� > ®î
.

Fig. 6~ (c)º w÷ê~ ï&��
. Hybridizer ¾Ò� �ãzB «

¶º «¶��~ bÒÁz�' Wî~ Ã&� w÷ê& Ã&~� ��

�� FÿW� ¾�r
. ��¾ Bî¾Ò� ãÖ Bî¾Ò¢ Û~� �

ã¶ ��~ Wîj BF�B FÿW~ Ëçj êÎ� > ®² >î
.

ªÚbW G;V� ''~ �Ïj >~z~� �« ï&� > ®º

Carr æ>~ 8b� FÿWj Fig. 6~ (d)ö ;Ò~&
. � �¾*ö

B r > ®�� b�¾Ò� ªÚ~ ãÖ «¶ã� ·jî>�, «¶

;ç� 6ç��¾ ®��'¢>� FÿW� ¾�ræò Bî¾Ò�

ãÖº BîÎ"� �� «êª�& �&�æ� «¶;ç� �¢�æ

�B FÿW� BF>î
.

3-2. BîªÚ~ 7�' Wî

Fig. 7öº Chromameter CT-300b� clay �ë" clayö TiO2¢ b�~

� Bî� �ò~ CV¢ G;~&
. *>'b� clay�
º b��

�ò& CV 8� z ô� ¾zb¾ �º TiO2~ 'Ë r^� ©b� C

&r
[17-18]. ��¾ b�ªÚf ��Bî¾Ò� BîªÚf~ 8~

N�º *&~² &�¢ ��� ®
. ?f V�j� b�� ªÚf B

î� ªÚ& �¾" N�& ¾º ©f hybridizer~ �V²*³ê(rpm)

¢ ¸�"�B ��Bî" ÿ�ö «¶~ �¢zf �;z& ê¯>V

r^b� �'B
.

Fig. 8f clayf CaCO3¢ Îã¶� ~� TiO2¢ ¶ã¶� F�~�

hybridizer~ �V ²*³ê(rpm)æzö V¢ B�� Bî ªÚ¢ ÒÏ

� ê�æÚ~ '« 7�' Wî� Úá² æ®º&¢ G;� Ö"¢

¾æÞ ©�
. Fig. 8~ Ö¦ê �¾*(a)öB CaCO3 Bî ªÚº rpm

� Ã&~�ê Ö¦êº �² æz~æº pb¾, clay Bî ªÚº b

Fig. 5. Measurement of powder properties on each samples.

Fig. 6. (a) Pressure compaction, (b) Angle of repose, (c) Conglomerence,
(d) Carr Index at a difference clay particles size(Clay :TiO2=62 :38).
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�ªÚf jv� " r Ö¦ê 8� 
Ö ¸jê ©j " > ®
. 6

� 12,500 rpm �çöBº � >~& 
� ÎÚæº ©j " > ®º

� �º �ã¶(3 µm)~ ãÖ � ¶Ú 7ï� ·V r^ö rpm� ¢

;>& �çb� ¸jæ�B �³V~ 7 B�~º ÂV~ö ~� B

îÎ"& B&� ·Ï~æ á� ©b� �'B
. �Ò� Fig. 8~ W

ïê �¾*(b)¾ ®R«ê �¾*(c)öBê �f jÝ� ãËj " >

®
. *KÎN ��¾ jÏ.6 Î"¢ áV *�Bº �V ²*³ê

¢ 5,000-7,000 rpmb� F�~� VV¢ Ú'~º ©� '.� ©b

� �'>�, 6� CaCO3 Bî ªÚ�
 clay Bî ªÚ& �R ¸f

BîÎ"¢ ¾æÚî
. �©f TiO2f clay~ ��� ¾ �º ©j ~

�~� &&~ BæªÚ¢ ¦&&~& ¸f �ÎN~ VËW ªÚ�

B�~º� 7º� V.¶ò� �Ï� > ®
.

4. Ö �

 

«¶& �ãzNö V¢ w÷WË� Ã&~� ªÚ~ b�� {»ê,

n�', w÷ê, ªÖê& ¸j^ FÿW� &~>î
. ��¾ «¶¢

hybridizer systemb� ��Bî¾Ò~� ªÚ~ ïêËçj êÎ~�

TiO2¢ b�~� clay¢ �VËz�Ò r ^B�>~ FÿW~ &~¢

BF� > ®î
. 6� *Ò ªÚ~ >Ç 5 &Ë� ^B& >~ F

ÿW 5 ª~W ®ïj �Ö� > ®º 7º� ��& F ©b� �'

B
. ' �òö V� Carr æ>(ª~W 5 FÿWæ>)º ªÚ~ «�

'� bWj ï&~º «�æ>�B, «¶;ç� ®��� CaCO3"

G'6ç� clayº ��Bî� �;zö &rfæV r^ö Carr æ>

ê ¸² ¾N ©b� �'B
.

�Ò� ªÚ ¶Ú~ ïê¢ G;� Ö" «êBÚ� clayö TiO2~

Bîf «êBÚ~æ pf clayö &� Bî�
 ¸f Wïê¢ áj

> ®î
. 6� b�� ªÚf Bî¾Ò� ªÚ¢ ÒÏ~� ê�æ~

7�' bWj G;� Ö", clay& CaCO3ö j� 7�' BFÎ"&

Ö>®
.

��Bî� �V²*³ê(rpm)¢ æz�Î Ö" clayf CaCO3~ ã

Ö 5,300 rpm" 12,500 rpm Ò�öB Bî¾Ò� �ò& Ö>� 7�

' Wîj ¾æî
. zÊÞ�" «¶ã �öB �J� " r 5,300 rpm

b� ¾Ò~º ã� '.� ©b� ÒòB
. �Ò� clay& CaCO3ö

j� Bî Î"& z Ö>~² ¾æÒ
. �¢ Û� ��Bî¾ÒB

clay& BæÖëö �Ï>îj r 7�' Wî 5 jÏ.6 Î"¢ z

ô� V&� > ®j ©b� ÒòB
. 6� � ��¢ Û� �Ú ª

Ú B� ëÚ~ VFBB" î�Ú �Ë {�~ &ËW� B�F >

®j ©b� ªCB
. �f ?� ªÚnò~ Jê 5 Bæª¢ö~ '

Ï� ��'b� 
*F > ®V r^ö �ê'b�º öÒ' G�"

wÏ G�öB~ �j� &Ë~� 
·� VËW æ~B® B�ö �

� 5 BB V²¢ {&� > ®j ©b� �'B
.

ÒÏV̂

D : mean particle diameter of core particles [µm]

d : mean particle diameter of fine particles [µm]

γD : true specific gravity of core pairticles

γd : true specific gravity of fine pairticles
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º £

� ��öBº Bæ ê�Ïb� ÒÏ>� ®º ZVnò� TiO2, CaCO3, clay¢ �� ÏÏb�»j �Ï~� VËW �

�nò� B�~&
. �� ÏÏb�»f �ªÚ¢ ��Bî, ��z~� î�Ú VËÒò¢ Jê~º ©�
. ZVnò~ «

ê¢ �J~� F�B Îã¶f ¶ã¶¢ '�� V�j� b�~&� ªÚ~ &**çj �Ï~� "� ;*VKö ~�

Îã¶ "*ö ¶ã¶¢ ¦O�Î 
r �³V~ 7 ÏÏKb� �;z¾Ò~&
. �;z¾ÒB ��nòº ªÚbWG;

V¢ Û� FÿW 5 ª~W� BF>î� 7�' Wîê Ö>�j r > ®î
. ªÚ~ nòJê 5 Bæª¢ö~ 'Ï�

��'b� 
*F > ®V r^ö �ê'b�º öÒ' G�" wÏ G�öB~ �j� &Ë~� 
·� VËW æ~B®

B�ö �� 5 BB V²¢ {&� > ®j ©b� ÒòB
.

Abstract − In this paper the functional composite-pigment was prepared by dry impact-blending method, using inorganic

materials used for paper coating such as TiO2, CaCO3, and clay. Dry impact-blending is used for making new functional mate-

rial by surface modification and composition. After considering particle size of inorganic pigment, selected core powder and

fine powder were mixed at a suitable mixing ratio. When powder was electrified, the fine particles of them could be adhered on

the larger ones called ‘core particles’ by static electricity, and then formed an ordered mixture. Afterward, these were susceptible to

be composited by impact force resulting from very high-speed air circulation. Composite pigment formed was tested with powder

physics tester and resulted in improvement of both fluidity and flushing. It also resulted in excellent optical property. Since design

of particle pigment and application to a field of paper can be come true, it is thought that complementation in terms of both prin-

ciple and application is possible, and that R&D for the production of various functional paper products can be activated.

Key words: Composite-Pigment, Impact-Blending, Paper-Coating, Core Particles, Fine Particles

1. B �

�" "�VF~ ê�f �þ Òòö &� Ò²~ º�º 
«
·

z>º ÿ�ö �[ z �®*, �VË, �WËj ö~� ®
. �ö ¦

w~� Òò B�~ öò, 7*B®b�B~ ªÚö &�Bê îR&

æ� 
«
·� º�& B�~� ®
. *Ò �²Ò BB~ vª ³

öB �� .�ã¶~ B�f �Ïö ôf &�� Îjæ� ®
. �

º «¶ãj ·² �b�� ªö~ bÒ'Áz�' VËj ¸�"�,

2«�ç~ �ã¶¢ ��¾Ò(��Bî)~� 
·� VËW �� �ã

¶� JêÁcÂ�b�� �¦&&~z¢ &^R > ®V r^�
.

��� .�ªÚ ª¢~ BB" B*ö ¦w~� 
·� ªÚ ¾ÒV

F" VV
� Â*>� ®
. ß® ��BîVFö ~� ZV 5 F

VÒò~ 'Ïª¢º 
Ö 
·~� zË®, B£, r�, �Ò, Æ., ¾

�Þ, nò, ^¢�, �~Þ, ¯�, ªÖB �� ®
. 6� ��Bî»

f V� «¶~ Wîj BF, Ëç�Ò > ®b� � ��Òò& <º

�� &æ bÒ' ßWj 
f �*Úö G;� > ®Ú �" "Ïj

A� ®
[1-2]. VËW ªÚ¢ ò
V *� ��Bî �·f ××�

ªÖB �«¶ ��ö � �«¶f ç�� bW(<rW, îV, &*W

[3], ãê, ¦OW, ê*W �)j æò �ã¶¢ ¦O�B �«¶~ ß

Wj BF~º O»" �«¶ ��ö ßW� 
� «¶~ *ç� 6º

Ï��j z+, ���B n;� bïj ;W~º O»(Capsulez»)�

®
. ��Bî~ ª~º Fig. 1öBf ?� Coatingö ~� Bî, Topo-

chemical'� Bî, Mechanochemical'� Bî, Capsulezö ~� B

î, �ö.æ �Ïö ~� Bî, �*>wö ~� Bî� �U&æ �

Ïb� &êB
.
†To whom correspondence should be addressed.
 E-mail: jhcho@cc.kangwon.ac.kr
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� ��öB ÒÏB ��BîË~� hybridization systemf “w÷K

� ;� �ã¶~ �¢ªÖVF”ö V.~� ªÚ~ ��Bîj Vê

' ÏÏKj �Ï�B ��, VçªÖêöB ¯~º ©� ßû��, �

� öÒº �³V~ 7 ÏÏ»�¢� � > ®
[5]. � VFf î�Ú

BîªÚ~ B�ö �Ï>� ®
. �êª¢öB tonerö OïÒ, ¶W

ª, &*BÚB �j ��Bî~� ï�, ¶VßW, *VßWj �;�

> ®b�, �ò®ª¢öBº FÖ�ö Ç¶j «®º ";ö �Ï>

� ®�, zË®ª¢öBº TiO2~ ��W" ¶�F N�Î"¢ �Ï

~� 
·� VËj <º Ö>� ��ªÚ BBö �Ï>� ®
. z

Ë®ö ÒÏ>º VËW ªÚ¢ BÛ'b� ÚÚ�� ¶�F N� Z

V ��ªÚ, ��FW ªÚ, ��ªÚ, �Ò�Wbî �FªÚ, Fïª

Ú(ïÒ) � �VËW~ NêzB B®BB� ��Úæ� ®
. ��¾

jç Bæª¢ö 'ÏB Òf& ìº ©b� 6�>� �ö &� ¢^

ê *Z� ç��¾ �� > Nf~ .j
þj Û� � &ËWj {

�� : ®
[7, 8, 10]. jç ��»ö ~� ��ªÚ B�& Bæª¢

öBº 'Ï>æ p~V r^ö �® ��öB~ 'Ï� Zí�
 7

º~�, � Ö"¢ Æ&� &NB ª¢~ �� ;�~ ��ªÚ BB

ö 'ÏF > ®j ©b� 6�B
[9].

2. 
 þ

2-1. BæÏ nò~ ��Bî

Fig. 2ö 
þË~~ Bº¢ ¾æÚî
. Hybridization systemö R

«>º ªÚº ¶ã¶f Îã¶~ «ê jN� £ 10V �ç� >º

©b� F�~&b�, ¶ã¶º j7� ¸f �ò¢ Îã¶º j7�

Ôf �ò¢ F�~&
. � �Fº �V ²*ö ~� B�>º ;�

�³V~ 7 «¶ö &�æº ÏÏKj Î"'b� �Ï� > ®V r

^�
. Fig. 2~ O.M. dizerö R«B Îã¶f ¶ã¶º � dizer ²

*b� B�>º b�ÁªÖ·Ïb� ordered mixture¢ ;W~�[10-

13] �©j ¢;ï êï~� hybridizerö �/~&
. Hybridizerö �

/B ordered mixtureº Vç 7(�V 5 ®�W &Ê �)ö ªÖ�Ê

�B «¶¢ 2Z~æ pj ;ê~ ÏÏKj "Ú� ~º Vê'Á�

' ö.æ¢ «¶ö ¦�~� ��*(3-10 min)ö �;z¾Ò¢ ¯~

&�, � ê �÷V� �³~² ²>~� BîªÚ¢ B�~&
[10].


þ �ò�B Îã¶º polyethylene" BæÏ clay 5 CaCO3j ÒÏ

~&b� ¶ã¶º TiO2¢ ÒÏ~&
(Table 1). Hybridizer~ z�î

¾f Fig. 3ö ¾æÚî
. O.M. dizerº Îã¶f ¶ã¶¢ ª¶*~

�K, >��BÊ~ ¾, ;*VK �j �Ï~� ordered mixture(Îã

¶ "æö ¶ã¶
� ¶Î~² �÷>Ú®º ç�)� B�~� �©

j hybridizerö �/~� �V& ;~² ²*� r B�~º {»K,

ÏÏK, ö�K �b� Îã¶ ��ö ¶ã¶¢ ��Bî~º öÒ�
.

ªÚ~ ��BBº TiO2¢ polyethylene, clay, CaCO3ö «¶�V¢

'Ï� V�j� Bî�Vb�[15-16], �r ��Bî� �V~ ²*

³êº 7,000 rpmb� �;~&
. � 
rb�º hybridizerÚöB ª

Ú~ «ê 5 Wî� Úá² æ~º&¢ rj�V *�B clay¢ �V

²*³ê 5,000, 7,000, 9,000, 11,000, 13,000 rpmb� æz�B �ë

b� Bî¾Ò~&
. �r Bî¾Ò �*f 4ª�î
. Hybridizer�

Bî¾Ò� clay¢ TiO2f 62 : 38~ jN� b�~� 
� Bî�V
.

¶ã¶f Îã¶~ V�jº � (1)j Û� Ö;B
[10].

îïj=Îã¶ :¶ã¶ = D3 γD : 4(D+d)2 dγd

(1)

2-2. BîªÚ~ bWG;

��BîB ªÚ~ bWj G;~V *� ªÚbWG;V(multi-

tester)¢ �Ï~� n�', ªÖê, w÷ê, »Z', bulk &ê � Carr

æ>(FÿWæ>f ª~Wæ>)~ �W¶ò& >º �Ï
j G;~&


. �Ò� ��Bî�Î ��ªÚ~ FÿW" 7Kö ~� FÂ~ Â

 100:400 D d+( )2

D3
----------------------------

γd

γD

-----⋅=

Fig. 1. Surface modification methods of powder.

Fig. 2. Hybridization system.

Table 1. Powder of papermaking and plastic pigment

Division Powder Shape of particle Species Particle size(%) Specific gravity

Core particle Polyethylene Rounded Plastic pigment 80%≤8 µm 10.918
Clay Plate Two grade 90%≤2 µm 2.61

CaCO3 Rounded PCC 90%≤4 µm 2.71
Fine particle TiOY Rounded Rutile 0090%≤2.25µm 4.21
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�ê¢ ï&~º ª~Wæ>¢ êÖ~� � bW~ ßWæz¢ �Ò~

&
.

 

2-3. ��ZVnò¢ �Ï� ê�æ B�

ê� öæ�º ïï 70 g/m2~ �êÏæ¢ ÒÏ~&� ê�Ï nò

�º polyethylene" clay, CaCO3j 7�' Wîj jv~V *�B b

�� ©" Bî�Î nò¢ ÒÏ~&
. :�z�º *Ò Bæëêö

B ¢>'b� ÒÏ>� ®º S/Bê r�NW ¢sÊ(.^CFz� KSL

207)¢ ÒÏ®� >ÏW :�z�º CMC(carboxyl methyl cellulose)¢ Ò

Ï~&
. bj Kady Mill� �³v>~�B ªÖBf CMC¢ Iº
. ª

ÖBf CMC& bö ¾ �j rræ �³v>j � ê � Ï�j &

³ v>V� TÎ ê³ v>�Î
. &³b� v>�Ê�B b�ªÚ

f hybridizeröB BîB ªÚ¢ ;�ê ·&� BB® Î&� ê 10

ª* ¾ ªÖ�Î
. ê��~ V�f Î� V���j ÿ¢~² J;,

�æ Bî�ò~ V�jò 10%¢ V&b� b�jN 5 «~ö V¢

ê��j B�~&
. pHº 0.5% NaOH Ï�j �Ï~� 9.4� ê�

�j �;~&
. pHº pH-meter(Mettler Delta 340)j ÒÏ~� G;

~&
. ê�æ B�º ê��j >¶ÿ K-Control Coater¢ �Ï~�

ê� öæö Þ� ê�j ~&b� ê�ïf 7-9 g/m2b� �.~&
.

ê�ê ê�æº 105oC~ �³B~� ��VöB 30.* �³���

V
. �Ò� Elepho-3000 series VV¢ �Ï~� B�B ê�æ¢ b

�ªÚ¢ ÒÏ� ê�æf BîªÚ¢ ÒÏ� ê�æ� ªÒ~� Wï

ê, ®R«ê, Ö¦ê¢ G;~&
[19]. BîªÚ¢ ÒÏ� ê�æº

Chromameter CT-300 VV¢ �Ï~� 7�' Wîj G;~&
.

3. Ö" 5 �V

3-1. ªÚbW G;Ö" jv

Table 1ö B�~&~ Îã¶(CaCO3, clay, polyethylene)f ¶ã¶(TiO2)

¢ «¶ã" j7 8j �J~� êÖB 7ïj� V�~� ��Bî

~&
(Fig. 4).

�âöB r > ®�� Îã¶ ��ö ¶ã¶� TiO2& ¾ «&^

®º ©j &V� > ®î
. Hybridization systemöB ��Bî~ V

� Î�f �;~ «¶;çb� >Ú ®æò �7öBê 6ç� clay

~ ãÖ BîÎ"& ¾ ¾æÒ
.

' �òö V¢ FÿW" ª~W~ �Ïö ��>º bWj G;~

� Fig. 5ö ¾æÚî
. ¢>'b� «¶~ ;ç� �;�� «ê& �

«¶¢>� FÿW" ª~W� ±² ¾z
. ��¾ TiO2¾" «¶;

�º �;�æò µm �V& jò nm �V� .>� ªÚ~ *>'�

bW
� kz>º ãËj " > ®
. 6� «¶;�& clay¾" �;

� jò 6ç��¾ CaCO3f ?� ®��� ;ç¢>� ªÚbW�

±æ prj r > ®î
.

Fig. 3. Mechanism of hybridizer.

Fig. 4. SEM photographs of (a), (b), (c) particles prepared from hybridiza-
tion system.
(a) Surface modification of CaCO3(CaCO3 : TiO2=62 : 38)
(b) Surface modification of Clay(Clay : TiO2=62 : 38)
(c) Surface modification of Polyethylene(PE : TiO2=76 : 24)
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Fig. 6~ (a)öB¾" b�� {»ê& 
r
. �©f «¶ã� ·j

^ ¶Î� bulk &ê& ·jæ� {&Ï* bulk &ê& 
r
º ©j

~��
. {»êº FÿW" &ê>º� {»ê& ·jî>� FÿW

� ±jæº ãË� ®
. Bî� b�®j rf jv� " r {»ê

8� 6²~&
. �©f ¶Î� bulk &ê& Ã&~� {&Ï* bulk &

êº 6²~º ©j ~�~º�, �Þb�º hybridizer ¾Òö ~� «

¶& �ãz>� �;z>Ú FÿW� BF>îrj �Ò� &
.

Fig. 6~ (b)º n�'~ ï&��
. b��~ n�'f «¶& �ã

zNö V¢ «¶¢Ò~ w÷� B�~� n�'� �² ¾z
. n�

'f ¢;� ï6*ö ªÚ¢ ¿~�Vj r 9�º ªÚz�~ 'ê

¢ n�'�¢� ~º� ªÚ~ w÷W� ¸�¾ �^~�¾ «¶;ç

� �;� jö r '~ �V& 
ê
. Bî�~ n�'f «¶& �

ãz>Úê Bî~ Î"� �~� 6²~� b�� �ãzö V� F

ÿW ®ï~ ^B¢ BF� > ®î
.

Fig. 6~ (c)º w÷ê~ ï&��
. Hybridizer ¾Ò� �ãzB «

¶º «¶��~ bÒÁz�' Wî~ Ã&� w÷ê& Ã&~� ��

�� FÿW� ¾�r
. ��¾ Bî¾Ò� ãÖ Bî¾Ò¢ Û~� �

ã¶ ��~ Wîj BF�B FÿW~ Ëçj êÎ� > ®² >î
.

ªÚbW G;V� ''~ �Ïj >~z~� �« ï&� > ®º

Carr æ>~ 8b� FÿWj Fig. 6~ (d)ö ;Ò~&
. � �¾*ö

B r > ®�� b�¾Ò� ªÚ~ ãÖ «¶ã� ·jî>�, «¶

;ç� 6ç��¾ ®��'¢>� FÿW� ¾�ræò Bî¾Ò�

ãÖº BîÎ"� �� «êª�& �&�æ� «¶;ç� �¢�æ

�B FÿW� BF>î
.

3-2. BîªÚ~ 7�' Wî

Fig. 7öº Chromameter CT-300b� clay �ë" clayö TiO2¢ b�~

� Bî� �ò~ CV¢ G;~&
. *>'b� clay�
º b��

�ò& CV 8� z ô� ¾zb¾ �º TiO2~ 'Ë r^� ©b� C

&r
[17-18]. ��¾ b�ªÚf ��Bî¾Ò� BîªÚf~ 8~

N�º *&~² &�¢ ��� ®
. ?f V�j� b�� ªÚf B

î� ªÚ& �¾" N�& ¾º ©f hybridizer~ �V²*³ê(rpm)

¢ ¸�"�B ��Bî" ÿ�ö «¶~ �¢zf �;z& ê¯>V

r^b� �'B
.

Fig. 8f clayf CaCO3¢ Îã¶� ~� TiO2¢ ¶ã¶� F�~�

hybridizer~ �V ²*³ê(rpm)æzö V¢ B�� Bî ªÚ¢ ÒÏ

� ê�æÚ~ '« 7�' Wî� Úá² æ®º&¢ G;� Ö"¢

¾æÞ ©�
. Fig. 8~ Ö¦ê �¾*(a)öB CaCO3 Bî ªÚº rpm

� Ã&~�ê Ö¦êº �² æz~æº pb¾, clay Bî ªÚº b

Fig. 5. Measurement of powder properties on each samples.

Fig. 6. (a) Pressure compaction, (b) Angle of repose, (c) Conglomerence,
(d) Carr Index at a difference clay particles size(Clay :TiO2=62 :38).
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�ªÚf jv� " r Ö¦ê 8� 
Ö ¸jê ©j " > ®
. 6

� 12,500 rpm �çöBº � >~& 
� ÎÚæº ©j " > ®º

� �º �ã¶(3 µm)~ ãÖ � ¶Ú 7ï� ·V r^ö rpm� ¢

;>& �çb� ¸jæ�B �³V~ 7 B�~º ÂV~ö ~� B

îÎ"& B&� ·Ï~æ á� ©b� �'B
. �Ò� Fig. 8~ W

ïê �¾*(b)¾ ®R«ê �¾*(c)öBê �f jÝ� ãËj " >

®
. *KÎN ��¾ jÏ.6 Î"¢ áV *�Bº �V ²*³ê

¢ 5,000-7,000 rpmb� F�~� VV¢ Ú'~º ©� '.� ©b

� �'>�, 6� CaCO3 Bî ªÚ�
 clay Bî ªÚ& �R ¸f

BîÎ"¢ ¾æÚî
. �©f TiO2f clay~ ��� ¾ �º ©j ~

�~� &&~ BæªÚ¢ ¦&&~& ¸f �ÎN~ VËW ªÚ�

B�~º� 7º� V.¶ò� �Ï� > ®
.

4. Ö �

 

«¶& �ãzNö V¢ w÷WË� Ã&~� ªÚ~ b�� {»ê,

n�', w÷ê, ªÖê& ¸j^ FÿW� &~>î
. ��¾ «¶¢

hybridizer systemb� ��Bî¾Ò~� ªÚ~ ïêËçj êÎ~�

TiO2¢ b�~� clay¢ �VËz�Ò r ^B�>~ FÿW~ &~¢

BF� > ®î
. 6� *Ò ªÚ~ >Ç 5 &Ë� ^B& >~ F

ÿW 5 ª~W ®ïj �Ö� > ®º 7º� ��& F ©b� �'

B
. ' �òö V� Carr æ>(ª~W 5 FÿWæ>)º ªÚ~ «�

'� bWj ï&~º «�æ>�B, «¶;ç� ®��� CaCO3"

G'6ç� clayº ��Bî� �;zö &rfæV r^ö Carr æ>

ê ¸² ¾N ©b� �'B
.

�Ò� ªÚ ¶Ú~ ïê¢ G;� Ö" «êBÚ� clayö TiO2~

Bîf «êBÚ~æ pf clayö &� Bî�
 ¸f Wïê¢ áj

> ®î
. 6� b�� ªÚf Bî¾Ò� ªÚ¢ ÒÏ~� ê�æ~

7�' bWj G;� Ö", clay& CaCO3ö j� 7�' BFÎ"&

Ö>®
.

��Bî� �V²*³ê(rpm)¢ æz�Î Ö" clayf CaCO3~ ã

Ö 5,300 rpm" 12,500 rpm Ò�öB Bî¾Ò� �ò& Ö>� 7�

' Wîj ¾æî
. zÊÞ�" «¶ã �öB �J� " r 5,300 rpm

b� ¾Ò~º ã� '.� ©b� ÒòB
. �Ò� clay& CaCO3ö

j� Bî Î"& z Ö>~² ¾æÒ
. �¢ Û� ��Bî¾ÒB

clay& BæÖëö �Ï>îj r 7�' Wî 5 jÏ.6 Î"¢ z

ô� V&� > ®j ©b� ÒòB
. 6� � ��¢ Û� �Ú ª

Ú B� ëÚ~ VFBB" î�Ú �Ë {�~ &ËW� B�F >

®j ©b� ªCB
. �f ?� ªÚnò~ Jê 5 Bæª¢ö~ '

Ï� ��'b� 
*F > ®V r^ö �ê'b�º öÒ' G�"

wÏ G�öB~ �j� &Ë~� 
·� VËW æ~B® B�ö �

� 5 BB V²¢ {&� > ®j ©b� �'B
.

ÒÏV̂

D : mean particle diameter of core particles [µm]

d : mean particle diameter of fine particles [µm]

γD : true specific gravity of core pairticles

γd : true specific gravity of fine pairticles
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